The paper uses the DEA technique to estimate efficiency scores in Kenyan public hospitals and then applies the Tobit regression to study inter-hospital variation in the scores. The DEA analysis reveals that small hospitals are more efficient than large hospitals, with efficiency levels ranging from 74-91% in small DMUs and from 57-78% in large DMUs. Tobit regression analysis shows efficiency scores are negatively correlated with the hospital's distance from the manager's residence and from the capital city. Internal and external supervisions are suggested as mechanisms for increasing performance of hospitals.
Introduction
Hospitals are established to restore health to those inflicted by diseases and infirmity and to sustain good health through preventive measures. To a certain extent, people's health depends on how well the health system functions and the way the health system works is determined by the efficiency of hospitals in performing their functions (Nazagul, 2011) . Health care systems in many developing countries especially in Sub-Saharan Africa have a shortage of healthcare resources that are attributed to poor economic performance, rapid population growth, and a decline in public spending. Additionally, communicable, maternal, nutritional, and new borne diseases continue to dominate and putting stress on the already scarce health care resources of these countries (Ali et al., 2017) . In sub-Saharan Africa, hospitals absorb the greatest proportion of the total health expenditure, which is estimated at 45-69% of the public health budget. Thus there is a need to bring into sharp focus hospital management issues in order to generate additional resources for the health system through efficiency savings (Mills et al., 1991; Kirigia et al., 1998) . Efficiency in health care is achieved when a maximum quantity of service has been produced with a given resource amount or when a given level of service has been produced at least cost (Molem & Beri, 2016; Moshiri et al., 2011) . Data Envelopment Analysis (DEA) method is the tool commonly used to measure technical efficiency of private and public organizations, known in the efficiency analysis literature as decision-making units (DMUs) (Charnes, Cooper, & Rhodes, 1978) .
The concept of modern efficiency began with Farrell (1957) who drew upon the work of Debreu 1951 and Koopmans 1951 to define a simple measure of firm efficiency which could account for multiple inputs. He proposed that the efficiency of a firm consists of two components; Technical efficiency which reflects the ability of a firm to obtain maximal output from a given set of inputs and a locative efficiency, which reflects the ability of a firm to use the inputs in optimal proportions, given their respective prices. These two are then combined to provide a measure of total economic efficiency. Technical efficiency measures the usage of labor, capital, and machinery as input to produce outputs relative to best practice in a given sample of DMUs i.e. given the same technology for DMUs. No wastage of inputs considered in producing the quantity of output. An organization operating at best practice in comparison to all others in the sample is said to be totally technically efficient. meet health care needs is made worse by extensive inefficiencies, especially within the hospital sector. Kirigia and Asbu (2013) state that it is generally accepted that improved efficiency is one of the four overarching goals of health systems. According to Moshiri et al. (2010) measurement of efficiency is the first step towards the assessment of a coordinated health care system and makes up one of the basic means of audit for the rational distribution of human and economic resources. Moshiri et al. continue to say that in the last two decades efficiency measurement area of health services research has witnessed intensive exploration. This due to the extensive inefficiencies witnessed in the health sector across many countries.
According to Ditzel et al. (2006) efficient management of hospitals requires the responsible and effective use of funds, professional management, and competent governing structures.
Many studies on health sector efficiency and hospital efficiency have been conducted in the last two decade. Moelm and Beri (2016) carried out research in Cameroon health sector. They used financing data for two years from the national bureau of statistics data as their base for computing efficiency. They recommended that the line ministry put in more efforts geared towards ensuring a consistent increase in the overall efficiency by developing policies and procedures to control the wastage of valuable input resources and recruiting more qualified medical personnel. Kirigia and Asbu (2013) conducted technical and scale efficiency of public community hospitals in Eritrea. They employed funding, human resources, and facilities to assess the efficiency of hospitals. They pointed out that there was a growing realization among health policy-makers in the African Region of the need to utilize scarce health sector resources more efficiently, a good indication of which being the statement made by the 46 WHO the Member States of the African Region in 2006 stressing their commitment to increasing the efficiency of health interventions and improving the allocation and management of health sector resources. Jehu-Appiah et al. (2013) conducted a study on how ownership affects the efficiency of hospitals in public, private, faith-based and quasi-government and found out that majority of all categories of hospitals were operating far away from the efficient frontier. They concluded that it is wise for policy-makers to examine the least efficient hospitals to correct widespread inefficiency, with options considering hospitals distribution, improving efficiency and reducing duplication by closing or scaling down hospitals with efficiency scores below a certain threshold.
On analysis of the literature on efficiency, it was evident that efficiency estimation in health care systems has been done intensively in recent times. Various researchers have oriented studies on estimation of hospital efficiency to funding, human resources, commodities, and infrastructure. None has attempted to do anything on management. They only make mention of management of healthcare resources. This observation prompted this study with the objective of finding out the effect of management practices on hospital efficiency. We believe that management in all organizations hospitals included is key to converting all other available inputs into the desired outputs in terms of quality (how well or efficient) and quantity (volume) of health care services provided.
Materials and Methods
The study employed cross-sectional research design to collect the data used to estimate hospital efficiency levels. The data was collected from 75 hospital managers, three per hospital. These were hospital doctors in charge of the hospital or medical superintendent, nursing officer in charge and administration officer in charge. The managers' questionnaire tool was used to interview them after giving written consent. They were interviewed about their management styles and practices individually and scored between 0% and 100%. The average score of the three managers was taken as the management score for the hospital. Twenty-five public hospitals in central Kenya were covered. This was taken as census because these were the only public hospitals in this area. They were chosen because they had similar environmental, social economic and health-seeking behavior. The interview of the managers was taken to find out if management had any correlation with hospital efficiency.
The hospital data was taken using a hospital data tool. This collected information from hospital records for both outpatients and inpatient services, inventories, ledgers and in post staff records for the 2011/2012 financial year. The data from hospital records were used as inputs and outputs of each hospital in estimating efficiency in twenty-five hospitals where each hospital stood as Decision Making Unit (DMU). Three inputs used in this study were the total number of beds, doctors, and nurses. The beds were considered to be basic fundamental infrastructure for all hospitals. The doctors and nurses were considered the two crucial human resources in a hospital to function considering hospitals are labor intensive. Secondly, efficiency depends on how well the available resources are utilized without wastage or misallocation and the two professional cadres (doctors & nurses) are responsible for this, particularly for the hospitals.
On the side of outputs, the total outpatient visits and total admissions were chosen for the purpose of the estimation of efficiency of each hospital. The two outputs represented almost all services delivered in the ijef.ccsenet.org International Journal of Economics and Finance Vol. 10, No. 6; 2018 hospitals. During data collection, the hospitals were given serial numbers and code numbers. In this study, the hospital codes numbers given were those given during service availability mapping.
The study employed a two-stage data analysis. The first stage employed data envelopment analysis (DEA) to compute efficiency scores (CRS, VRS & SE) for the hospitals. While in the second stage it employed both ordinary least square (OLS) method, where the efficiency scores (CRS, VRS & SE) obtained in the first stage were analyzed, that is, the efficiency scores were logged and regressed against managerial practices; and also in censored regression method (Tobit Model) where DEA efficiency scores (CRS, VRS & SE) were regressed against determinants of efficiency using Tobin's method.
Input Oriented Efficiency Determination of Efficiency: Data Envelopment Analysis (DEA)
In this study, the researchers utilized physical available resource to hospital management to estimate hospital efficiency (number of beds, doctors, and nurses as hospital inputs, while total outpatient and inpatients as hospital outputs). The input-oriented efficiency determination employs resources at hand to produce as much output as possible (VRS). This is an input based measure of technical efficiency score (input orientation) of a health facility.
Using both hospital inputs and outputs the hospital efficiencies were estimated using DEA (Data Development Analysis) method which is a linear programming presented in the equations (1,2,3) and Diagram explained below.
Input Oriented Efficiency Measurement through Equation
The DEA linear programming method that we used to estimate hospital efficiency levels can, in simplified form, be stated as follows:
Where, H = Monetary value of a well-defined level of health care service, e.g., the annual number of outpatients visits to a given hospital; Y rj = Output r for hospital j, e.g., the level of health care associated with a given number of outpatient visits to a given hospital; X ij = Input i for hospitals j, e.g., the number of doctors working in a given hospital; U r = weight given to a unit of output r, e.g., the monetary value of health care services associated with one outpatient visit to a hospital, i.e., the shadow value of such a visit; V i = weight given to a unit of input i, e.g., the monetary value of a day's services rendered by a nurse at a hospital; n = number of hospitals; m = number of inputs; s = number of outputs.
The first equation states that the value of the things that the hospital produces (whatever they are) is to be maximized. The second equation normalizes to unity the value of the inputs used to produce a given level of output. The last equation states that when H has been maximized, the value of a given output must be equal to the value of the inputs used to produce it. This must be the case because every unit of output requires resources to produce it. Therefore, its value cannot exceed the value of the resources used to produce it, as such a situation would imply that the value of output is based on something else other than the value of the inputs. Furthermore, the value of a unit of output cannot be smaller than the value of the inputs expended on its production because it is assumed that the inputs are not wasted or misallocated. The equation further states that the weights assigned to outputs and inputs must be strictly positive. This again must hold because things of value cannot have zero or negative weights, as that would contradict the fact that the things are useful. Together, the three equations imply that the efficiency score must be between zero and one, the values for complete inefficiency and complete efficiency, respectively.
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The above algorithm establishes a production frontier for efficient hospitals and measures how far down the inefficient hospitals are from the best practice frontier. The efficient hospitals lie on that frontier and are given an efficiency score of 1. The inefficient hospitals are given a score that is less than 1, the magnitude of the score depending on where the hospitals are relative to efficient ones. The efficient scores are classified according to the assumptions made in computing them, namely, constant returns to scale efficiency scores (CRS) and variable returns to scale scores (VRS) (Zere et al., 2000) . Under the CRS assumption, the decision-making units (the hospitals in this case) are treated as if they are at their optimum sizes, whereas under the VRS assumption, the sizes of DMUs vary towards optimum sizes. Thus the CRS efficiency level cannot exceed the VRS level.
The ratio of CRS efficiency score to the VRS score is known as the scale efficiency score (SES). It is essentially the ratio of the output produced by a DMU when its size is not at the optimum level relative to the output produced when the size is optimum. Thus a scale efficiency score of 0.8 indicates a DMU is at 80% of the output that can be had when its size is optimum. A similar number for a CRS score says that 80% of output is being produced by an optimum-sized DMU so that the inefficiency level is only 20%. Under the VRS assumption, the interpretation is that 80% of the maximum possible output is being produced by a DMU that is adjusting its scale towards the optimum size.
Input Oriented Efficiency Measurement Graphically
Farrell 1957 in Coelli (1996) exhibited by a simple example involving firms which used two inputs (X1 and X2) to produce a single output (Y), under the assumption of constant returns to scale. The input-oriented implies an input reducing focus. In Figure 1 , the isoquant unit of a fully efficient firm is represented by SS1. This permits the measurement of technical efficiency. If a given firm uses quantities of inputs, defined by the point P to produce a unit of output, the technical inefficiency of that firm is represented by distance QP, which is the amount by which all input could be proportionally reduced without a reduction in output. This is usually expressed in percentage terms by the ratio QP/OP, which represents the percentage by which all inputs could be reduced. The technical efficiency (TE) of a firm is most commonly measured by the ratio:
TE1 = OQ / OP;
This is equal to one minus QP/OP i.e.
(1 -QP/OP). It will take a value between zero and one and hence provides an indicator of the degree of technical inefficiency of the firm. A value of one indicates the firm is fully technically efficient. For example, the point Q is technically efficient because it lies on the efficient isoquant.
If the input price ratio, represented by the line AA1 in Figure 1 , is also known, a locative efficiency may be calculated. The locative efficiency (AE) of the firm operating at P is defined to be the ratio:
AE1 = OR / OQ;
International Journal of Economics and Finance Vol. 10, No. 6; 2018 Since the distance, RQ represents the reduction in production cost that would occur if production were to occur at the allocative (and technically) efficient point Q1, instead of at the technically efficient, but allocative inefficient, point Q. the total economic efficiency (EE) is defined to be the ratio:
EE1 = OR / OP;
Where the distance RP can also be interpreted in terms of a cost reduction. Note that the product of technical and a locative efficiency provides the overall economic efficiency (Coelli, 1996) Using the above formula and DEA method, the technical and scale efficiency for 25 hospitals were calculated.
TE1 * AE1= (OQ/OP) * (OR/OQ) = (OR/OP) = EE1

Results and Discussion
Descriptive Statistics
Tables 1 and 2 present general characteristics of the sample hospitals. As can be seen from Table 1 , the study area had a population of about 60,000 patients in 2011-12. On average, a hospital had 120 beds and the average bed occupancy was about 60 days. Another important statistic from the table is that 99 percent of the hospitals banked their facility improvement funds as stipulated by the Ministry of Health regulations. Moreover, 26% of this fund was earmarked for drug purchases, and the same proportion was used to meet the needs of hospital management. Key: 1.63E+08 = 163,000,000.00; 8.14E+07 = 81,400,000.00.
A few highlights from table 2 are in order. The table shows that on average the hospitals had about the same annual number of visits for outpatient and inpatient services, i.e., 71,000 and 67,000, respectively. The emergency wait time for outpatient care and caesarian sections were 9 minutes and 23 minutes, respectively. On average a hospital experienced 270 deaths per year, compared to annual deliveries of around 2340 and stillbirths of 34. The efficiency scores in Table 3 show that 52% of hospitals were efficient, a number that compares favorably with a Ghanaian study that reported an efficiency rate of 53% among the hospitals studied (Osei et al., 2005) . Table 4 looks at factors that might be responsible for variation in efficiency scores (in Table 3 ) across hospitals.
International Journal of Economics and Finance Vol. 10, No. 6; 2018 The results in Table 4 indicates that hospitals that supervise hospital activities daily, have a 1.4% higher efficiency scores than other hospitals that did not carry out daily supervision (supervision coeff =.014, t = 3.14). Management improves efficiency through daily supervision practice which ensures inputs are not wasted or misallocated. No other management practice is statistically correlated with efficiency scores. Table 5 shows that better management (a higher management index) is negatively associated with fresh stillbirths and with emergency wait time for Caesarian surgeries. In particular, a 1% increase in management index is associated with a 1.36% reduction in wait time (t=3.9). In addition, the regression coefficients shown in the table indicate that there is a positive relationship between management and the service volume (visits) and quality of health services (as evidenced by reductions in stillbirths and increases in live births) in the hospitals studied.
Ordinary Least Square Regression
International Journal of Economics and Finance Vol. 10, No. 6; 2018 It is also worth noting that although the hospital budget is positively correlated with patients' satisfaction with the services offered, the correlation is statistically insignificant. Interestingly, the management index is also positively but insignificantly correlated with hospital efficiency scores. This suggests that management does not improve service delivery via improvements in efficiency alone but also through increases in the inputs needed to deliver services. For example, a well-managed hospital (e.g., one that formulates and implements a work plan) would attract more resources from the government and other sources. Similarly, a hospital that empowers and motivates staff would, other things being constant increase the number of hours that the staff spends working, without necessarily increasing the yield from each hour worked. Effective supervision and communication would have similar effects. It is still of great value to emphasize that better management is positively correlated with hospital productivity (hospital efficiency score) only that this association is statistically insignificant.
Tobit Regressions
Since the covariates in Table 6 were not used in the DEA algorithm to compute the efficiency scores they can be used to the variation in the scores across hospitals. The main observation on the results in Table 4 is that covariates affect the three categories of efficiency scores differently. The male dummy is positively associated with the CRS and with scale efficiency scores possibly due to differences in managerial training between the two categories of staff. The coefficient on marriage dummy has coefficients that can be similarly interpreted.
A consistent finding in Table 6 is that the farther the hospital is from Nairobi, the lower is its efficiency score. In particular, a one percent increase in a hospital's distance from Nairobi reduces its VRS efficiency score by 1.1%. A likely explanation for this finding is that the health ministry finds it difficult to supervise or support such a hospital effectively. The finding suggests that performance of hospitals located in remote areas can be improved by intensifying their external supervision. A notable finding in the table is the negative association between efficiency scores and manager's residence at a hospital. The manager's hospital residence can increase service demand excessively and compromise efficiency. The Pseudo R2s show the models in Table 6 fit the data quite well. In particular, about 76.3% of the variation in the VRS efficiency scores is explained by the variables shown in the model. 
Conclusion
The objective of this study was to investigate the effect of management practices on hospital efficiency. The overall observation was that small hospitals had higher efficiency than medium and large hospitals. The results from OLS regression revealed that a majority of management practices identified in this study improved hospital outcomes or productivity positively and therefore pointed to improved efficiency of the hospitals. However, only daily supervision was directly correlated with improving hospital efficiency.
The researchers went further and did a Tobit regression to analyze manager and environmental related factors that contributed to different hospital efficiencies yet they had proportionate inputs (finances, human resources, equipment and medical supplies) and applied similar management practices. From the results, it was concluded that married managers were more efficient than unmarried ones. Contrary to the results, resident managers perform better as shown by reduction in emergency wait time for caesarian surgery and fresh stillbirth. The further distance of manager's residence to the hospital reduced hospital efficiency. The results also showed that the more years of service the manager had the more inefficient they were, this could be attributed to preoccupation with retirement and also private practice especially for doctors. It was also concluded that the longer the distance of hospital from Nairobi the more inefficient the hospitals were. These findings suggest that efficiency of hospitals can be improved by strengthening mechanisms for their internal supervision and by intensifying their external supervision by national health authorities. The average length of stay of the patient in hospitals was associated with poor efficiency scores of VRS, CRS and Scale efficiencies as well as clinical management emanating from poor general management.
This research concludes that individual manager's attributes, some specific management practices (empowerment, delegation, daily supervision and residence of managers in hospitals) plus hospital environmental factors directly or indirectly determined the hospital's efficiency. The researchers recommend that the management practices identified here to be applied in hospitals throughout the country. Also, the personal attributes and environmental factor be used to identify potential managers. This study concludes that better management improves hospital efficiency and hospital performance in terms quality and quantity (volume) of services rendered. This research concludes that management impact on all types of health resources. The authors recommend health policy-makers worldwide to invest in appropriate health and facility management if they were to eliminate resource wastage and misallocation. Finally, there is need to conduct follow up studies on hospital management and hospital efficiency.
